Abstract -The study focused on application of spectral permittivity technique subjected to wide frequency range of from microwaves to millimeter waves (i.e. 0.5 -50 GHz) at the temperature of 60°C to understand the relationship of dielectric permittivity and fatty acid composition in fats and oil. Results showed that the dielectric constant of 4 animal fats and 2 vegetable oil exhibited same frequency dependence. The dielectric constant of fats and oil increases with an increase in the degree of unsaturation in vegetable oil at 7.4, 13.4, 18.3, 23.3, and 46.0 GHz. The dielectric constant decreases with the increase of composition of palmitic and oleic acid in animal fat at 13.4 and 18.3 GHz respectively. The understanding obtained in this work could be useful towards distinguishing fats and oils especially lard using rapid permittivity spectroscopy based on accurate chemical composition, suitable for Halal product analysis.
INTRODUCTION
Oils and fats have been liable to adulteration. Globally, palm oil is the most consumed oil, while butter, lard, tallow and grease fall in 5 th , 6 th and 7th highest consumed oil respectively in 2015 [1] . In the food industry, lard is blended with plant oils to reduce production costs, producing cost-effective margarines, shortenings and other oil-based foods [2] . Lard adulteration is a serious and sensitive problem as it involves religious believes. Both Islamic and Judaism religions prohibit the consumption of lard and pork in any product [3] . Other than that, people who practice vegetarian such as Hindus or Buddhist also share the same concern on the matter.
In past studies, several approaches have been introduced on Halal product analysis. These methods can be categorized into two groups, which is labeling-based and spectral-based. Labeling-based technology includes technique that labels the sample according to the observation of the presence of DNA. An example of labeling-based technology is Polymerase Chain Reaction (PCR) techniques that have been used to study pork meat, fat and pork derivatives in foods like sausages, breads and biscuits [2] [4].
Spectral-based technology includes techniques that utilized the interaction of electromagnetic radiation (EMR) with molecules to provide qualitative and quantitative chemical and physical information [5] . Some examples of spectral-based technology include differential scanning calorimetry (DSC), electronic nose (E-Nose), gas chromatography, liquid chromatography, and spectroscopy. Detection examples include detecting the presence of lard/randomized lard as adulterants in refinedbleached-deodorized (RBD) palm oil using DSC [6] , detecting lard adulterated in palm oil and pork in food products using E-Nose [7] [8], lard differentiation using Gas Chromatography-Flame Ionisation Detector (GC-FID), lard detection based on fatty acid profile using Gas Chromatography hyphenated with time-of-flight mass spectrometry (GC-ToF), differentiation of lard, chicken fat, beef fat and mutton fat using Gas Chromatography Mass Spectrometry and Element Analyzer-Isotope Ratio Mass Spectrometry (EA-IRMS) [9] [10] [11] and distinguish lard from other animal fats in admixtures of some vegetable oils using high-performance liquid chromatography (HPLC) [12] .
Spectroscopy is the study of the interaction of electromagnetic radiation with matter [13] . Fourier transform infrared (FTIR) spectroscopy being one of the earliest lard detection technique has been used to analyze the potential of lard adulteration in cod-liver oil [14] and from other edible oil [15] . Other than that, conductance study has been conducted on a few fats and oil like beef tallow, lard, chicken fat, mutton tallow and palm oil [16] while impedance spectroscopy was also used in the study of animal fats like beef tallow and lard [17] . Dielectric spectroscopy has also been used in the study of fats and oil such as in differentiation of lard from chicken fat, beef tallow and mutton tallow [18] , the study of properties of fatty acids and vegetable oil [19] and the work to discriminate olive oil adulterated with different vegetable oil like soybean, corn, canola, sesame, perilla and safflower oil [20] .
Although the study of dielectric permittivity has been done on a few fats and oil before, it seems that there is lacking of study that correlates fatty acid composition to dielectric permittivity profile at wider and higher frequency region as most of these studies are conducted at narrow frequencies and centered at low frequency region [16] [19] .
In this paper, spectral permittivity technique at wide range of frequency, 0.5 -50 GHz is used to study the dielectric properties of fast and oil in correlation to their fatty acid composition. Fatty acid composition was used to compare with dielectric constant values to distinguish lard from other fats and oils.
The paper is organized as follows. Section 2 explains the materials, experimental methodology, and statistical analysis used in this work. Results are discussed in Section 3 and finally conclusion is presented in Section 4.
II. MATERIALS AND METHOD
In this section, materials, experimental methodology and data analysis method employed in the proposed technique is discussed.
A. Sample Preparation
In this research, four animal fats and two vegetable oils were investigated. Adipose tissues of beef, chicken, and pig were collected from local market and rendered according to the method proposed by [6] . The beef tallow, chicken fat, mutton tallow and lard were then extracted from the tissues by rendering at 90-100°C for 2 hours. The oil is collected and filtered through triple folded muslin cloth and a bed of anhydrous sodium sulphate to remove residual moisture. It is filtered again through Whatman filter paper No. 2 before being stored at -20°C.
B. Dielectric Measurement
Dielectric measurement of fats and oils samples were obtained using coaxial line technique with an openended dielectric probe kit 85070E-ATO-21965 (Agilent Technologies, Hyogo, Japan) that was connected to a Performance Network Analyzer PNA-x (Agilent Technologies, Hyogo, Japan) for control and data logging. The measurement was obtained at 51 discrete frequencies ranging from 0.5 to 50 GHz. Air, short and distilled water is used as the calibration fluid before measurement of the samples was taken. Dielectric measurement of the samples was taken at 60°C to maintain all samples at liquid form during measurement.
The sample was measured by submerging the probe into a beaker that contains 10 ml of the sample and the measurements were saved after the third sweeps. The measurement is taken in triplicates. The average is calculated and taken for comparison with other fat and oil analysis. The measurement was conducted for all fats and oil samples.
Before measuring the sample, the probe is made sure to be clean. The experiment is to be repeated for all fat and oil samples and the probe is to be cleaned after each measurement. For each experiment that involves with lard sample, all the equipments involved are cleaned according to Islamic requirement.
C. Analysis of Fatty Acid Methyl Esters (FAME)
The fatty acid composition was determined after conversion of the oil into methyl esters (FAME) according to the method of [21] by reacting 50 mg of oil or fat with 50 ml of 1 M sodium methoxide in 950 ml of hexane. The mixture was vortexed for 5 seconds and allowed to settle for 5 min. The top layer (0.5 ml) was injected into a gas chromatograph (Shimadzu GC-14A, Kyoto, Japan) fitted with a flame ionization detector. A polar capillary column BPX70 was used at a column pressure of 10 psi. The initial temperature of the column was set to 90°C and was increased to 110°C, held for 1 min. Then, it was increased at the rate of 8°C/min to 220°C for 1 min [22] [23] . The temperature of the injector and detector was maintained at 240°C. Individual peaks of FAMEs were identified by comparing their retention time with those of standards.
III. RESULTS AND DISCUSSIONS
In this section, results obtained from the data analysis of dielectric spectroscopy is discussed. Fig. 2 . Dielectric profiles of chicken fat, palm olein, lard, mutton tallow, soybean oil and beef tallow. Figure 2 shows the dielectric values for all samples of chicken fat, palm olein, lard, mutton tallow, soybean oil and beef tallow measured at frequency range of 0.5 -50 GHz and temperature of 60°C. The dielectric constant of the 4 animal fats and 2 vegetable oils indicated same frequency dependence. It is suggested that there is no equilibrium between the orientation of the oil molecule and the electric field, resulting frequency dependence in the dielectric constant. According to the peaks of the profile, it is observed that differentiation can be made as compared to other parts of the profile. Fig. 3 . The peak points of dielectric constant of vegetable oil. Figure 3 shows the peak points of dielectric constant of vegetable oil. It can be observe that at these peaks, soybean oil shows higher dielectric constant value than palm olein. In [19] , it is reported that dielectric constant of fat and oil increase with the degree of unsaturation, suggesting that soybean oil have higher degree of unsaturation at the frequencies of 7.4, 13.4, 18.3, 23.3, and 46.0 GHz. Table 2 shows the percentage of unsaturation of fats and oil samples obtained from GC-FID. In the comparison of degree of unsaturation of vegetable oil, soybean oil has higher unsaturation than palm olein. This approves the hypothesis made according to the dielectric constant of vegetable oil before.
A. Dielectric values
From figure 4 , the peak points of dielectric constant of animal fat shows different arrangement of animal fats at different peaks. At the first, fourth and fifth peaks, mutton have the highest dielectric constant followed by chicken, lard, and beef. At the second peak, chicken has the highest dielectric constant followed by mutton, beef, and lard. At the third peak, lard has the highest dielectric constant followed by mutton, chicken, and beef. The unsaturation trend was not observed in animal fat, the reason was not clear. Thus, further analysis of fatty acid was conducted with 5 major common fatty acid found in animal fats [10] . Figure 4 shows the peak points of dielectric constant of animal fat. At the second peak, frequency of 13.4 GHz, chicken fat gives the highest dielectric constant value (2.10), followed by mutton tallow (2.09), beef tallow (2.08) and lastly lard gives the lowest dielectric constant value (2.07). This arrangement is inversely proportional to the arrangement in palmitic fatty acid. At the third peak, frequency of 18.3 GHz, lard gives the highest dielectric constant value (2.02), followed by mutton tallow (2.01), chicken fat (1.97) and lastly beef tallow gives the lowest dielectric constant value (1.94). This arrangement is inversely proportional to the arrangement in oleic fatty acid. While other peaks does not show any similarity to any fatty acid arrangement. Hence, it is suggested that dielectric constant of animal fats decreased with the increase of composition of palmitic and oleic acid at the frequency of 13.4 and 18.3 GHz respectively. Table 4 shows the arrangement of animal fats in each fatty acid. From here, it can be observed that the same arrangement in dielectric constant can be seen for palmitic acid and oleic acid in the second and third peaks.
IV.

CONCLUSION
This study investigated the effects of frequency range of 0.5 -50 GHz and relationship of fatty acid composition on the dielectric constant of animal fats and vegetable oil at 60°C. For vegetable oil, our finding shows that dielectric constant of soybean oil is higher than palm olein suggesting that dielectric increase with degree of unsaturation at the frequencies of 7.4, 13.4, 18.3, 23.3, and 46.0 GHz. For animal fat, this study suggests dielectric constant decreases with increase in their palmitic and oleic acid composition at frequencies of 13.4 and 18.3 GHz respectively. Hence, it can be suggested that animal fat and vegetable oil can be distinguished from each other at specific frequencies by the study of dielectric permittivity and fatty acid composition.
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